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(54) SUTURE LINKAGE FOR INHIBITING PREMATURE EMBOLIC IMPLANT DEPLOYMENT

(57) Disclosed herein are various exemplary sys-
tems and methods for deploying an implant to a target
location of a body vessel. The delivery member can in-
clude a tubular body including a lumen and compressed
distal portion. The delivery member can include a loop
wire with a loop opening positioned approximate the com-
pressed distal portion. The delivery member can include
a pull wire that has a proximal pull wire portion and a
distal pull wire portion connected by a suture linkage.

The suture linkage can include a proximal suture knot
engaged to the proximal pull wire portion and a distal
suture knot engaged to the distal pull wire portion. Pull
wire beads positioned on the proximal pull wire and distal
pull wire portion can retain the suture knots during prox-
imal translation of the pull wire. The suture linkage can
include slack that is effective to prevent premature de-
ployment of the implant.
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Description

FIELD OF INVENTION

[0001] The present invention relate to aneurysm treat-
ment devices and more particularly, to improved delivery
systems for embolic implants that prevent premature im-
plant deployment.

BACKGROUND

[0002] Numerous intravascular implant devices are
known in the field. Many are deployed mechanically, via
systems that combine one or more catheters and wires
for delivery. Examples of implants that can be delivered
mechanically include embolic elements, stents, grafts,
drug delivery implants, flow diverters, filters, stimulation
leads, sensing leads, or other implantable structures de-
livered through a microcatheter. Some obstetric and gas-
trointestinal implants may also be implanted via similar
systems that combine one or more catheters and wires.
Devices that may be released or deployed by mechanical
means vary greatly in design but can employ a similar
delivery catheter and wire system. Many such catheter-
based delivery systems include a wire for retention of the
implant in the catheter until the time for release of the
device. These systems are then actuated by retracting
or pulling the wire relative to the catheter. Such a wire is
referred to herein as a "pull wire".
[0003] One issue with current catheter-based delivery
systems is premature detachment of the implantable de-
vice. Premature detachment occurs when the implant is
detached from the delivery system before reaching the
treatment site. This may occur due to the tortuosity ex-
perienced by the delivery system as it passes through
the vasculature of the patient, which can cause an in-
crease in friction between the "pull wire" and the delivery
system causing the pull wire to move proximally while
the delivery system is moving distally.
[0004] Accordingly, there is a need for an improved
implant delivery system that prevents premature detach-
ment of the implant as it is delivered through tortuous
vasculature. This disclosure is directed to this and other
considerations.

SUMMARY

[0005] Disclosed herein are various exemplary sys-
tems and methods for deploying an implant to a target
location of a body vessel. The delivery member can in-
clude a tubular body including a lumen and compressed
distal portion. The delivery member can include a loop
wire with a loop opening positioned approximate the com-
pressed distal portion. The delivery member can include
a pull wire that has a proximal pull wire portion and a
distal pull wire portion connected by a suture linkage.
The suture linkage can include a proximal suture knot
engaged to the proximal pull wire portion and a distal

suture knot engaged to the distal pull wire portion. Pull
wire beads positioned on the proximal pull wire portion
and distal pull wire portion can retain the suture knots
during proximal translation of the pull wire. The suture
linkage can include slack that is effective to prevent pre-
mature deployment of the implant.
[0006] In one aspect, a delivery system for deploying
an implantable medical device to a target location of a
body vessel is disclosed. The delivery system can include
a tubular body having a lumen extending therethrough.
The tubular body can include a compressed distal por-
tion. The delivery system can include a loop wire having
a first end affixed to the tubular body and a loop opening
positioned approximate the compressed distal portion.
The delivery system can include a pull wire that extends
through the lumen. The pull wire can include a proximal
pull wire portion, a distal pull wire portion that is separate
from the proximal pull wire portion, and a suture linkage
that connects the proximal pull wire portion and the distal
pull wire portion. The suture linkage can include a prox-
imal suture knot that can be slideably engaged to the
proximal pull wire portion and a distal suture knot slide-
ably engaged to the distal pull wire portion.
[0007] In some embodiments, a distal end of the prox-
imal pull wire portion can include a proximal pull wire
bead and a proximal end of the distal pull wire portion
can include a distal pull wire bead. The proximal pull wire
bead can be configured to retain the proximal suture knot
on the proximal pull wire portion during proximal trans-
lation of the proximal pull wire portion. The distal pull wire
bead can be configured to retain the distal suture knot
on the distal pull wire portion during proximal translation
of the pull wire. The loop wire and the distal pull wire
portion can be positioned to secure the implantable med-
ical device to the delivery system. The suture linkage can
include pull wire slack that facilitates the proximal pull
wire portion to be translated proximally with respect to
the distal pull wire portion while the distal pull wire portion
remains stationary for a predetermined length which
causes the distal suture knot to translate proximally to
abut the distal pull wire bead such that when the distal
suture knot abuts the distal pull wire bead, both the prox-
imal pull wire portion and the distal pull wire portion trans-
late proximally as a unit. The pull wire slack can be ef-
fective to inhibit premature deployment of the implantable
medical device.
[0008] In some embodiments, the loop wire and the
pull wire are movable to release the implantable medical
device from the delivery system.
[0009] In some embodiments, the predetermined
length of the pull wire slack is a length between approx-
imately 2 mm and 3 mm. In some embodiments, the su-
ture linkage has a predetermined length that fits within
the tubular body of the delivery system.
[0010] In some embodiments, the tubular body can in-
clude a proximal hypotube, a flexible coil extending from
a distal end of the proximal hypotube, and the com-
pressed distal portion can extend from a distal end of the
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flexible coil. The lumen can extend from a proximal end
of the proximal hypotube, through the proximal hypotube,
through the flexible coil, through the compressed distal
portion, and to a distal end of the compressed distal por-
tion. In some embodiments, a sleeve extends along a
majority of the flexible coil.
[0011] In some embodiments, upon initial proximal
translation of the proximal pull wire portion, the distal pull
wire portion remains fixed in position while the distal su-
ture knot slides along the distal pull wire portion for a
predetermined length of the pull wire slack. According to
some embodiments, the proximal pull wire portion is
translated for a distance longer than the predetermined
length to deploy the implantable medical device.
[0012] In some embodiments, each suture knot is a
clove knot adapted to slide against the pull wire when
the pull wire is translated proximally.
[0013] In some embodiments, the proximal pull wire
bead includes a first laser weld forming a diameter larger
than a diameter of the proximal suture knot and the distal
pull wire bead includes a second laser weld forming a
diameter larger than a diameter of the distal suture knot.
According to some embodiments the distal suture knot
and the proximal suture knot each comprise a clove hitch
knot.
[0014] In another aspect, a method is disclosed. The
method can include providing a tubular body including a
lumen extending therethrough and a compressed distal
portion. The method can include affixing a loop wire to
the tubular body and compressing the compressed distal
portion. The method can include positioning a loop open-
ing in the loop wire approximate a distal end of the com-
pressed distal portion while the loop wire is affixed to the
tubular body such that the loop wire is extended through
the lumen. The method can include extending a distal
pull wire portion through a distal portion of the lumen of
the tubular body and extending a proximal pull wire por-
tion, separate from the distal pull wire portion, through a
proximal portion of the lumen of the tubular body. The
method can include connecting the proximal pull wire por-
tion and the distal pull wire portion with a suture linkage.
The suture linkage can include a proximal suture knot
attached to the proximal pull wire portion and a distal
suture knot attached to the distal pull wire portion. The
proximal pull wire portion, suture linkage, and distal pull
wire portion may form a pull wire. The method can include
extending the loop opening through a locking portion of
an implantable medical device and extending a distal end
of the distal pull wire portion through the loop opening.
[0015] According to some embodiments, the method
can include preventing proximal translation of the distal
pull wire portion as the proximal pull wire portion is trans-
lated proximally with respect to the distal pull wire portion
due to pull wire slack of the suture linkage, and facilitating
proximal translation of the distal pull wire portion in re-
sponse to the proximal pull wire portion being translated
proximally by more than a predetermined length of the
pull wire slack.

[0016] In some embodiments, the method can include
preventing premature deployment of the implantable
medical device due to pull wire slack of the suture linkage.
[0017] In some embodiments, the method can include
moving the loop wire and the distal pull wire portion to
release the implantable medical device from the delivery
system.
[0018] In some embodiments, the method can include
welding a proximal pull wire bead on a distal end of the
proximal pull wire portion and welding a distal pull wire
bead on a proximal end of the distal pull wire portion. The
method can include following proximal translation of the
proximal pull wire portion by more than the predeter-
mined length of the pull wire slack, causing the distal
suture knot to abut the distal pull wire bead thereby caus-
ing the distal pull wire portion and the proximal pull wire
portion to translate proximally as a unit.
[0019] In some embodiments, the method can include
constructing the tubular body by joining a flexible coil
between a proximal hypotube and distal hypotube which
includes the compressed distal portion such that the lu-
men extends from a proximal end of the proximal hypo-
tube through the proximal hypotube, through the flexible
coil, through the compressed distal portion, and to a distal
end of the compressed distal portion and such that the
flexible coil is inhibited from elongating.
[0020] According to some embodiments, upon initial
proximal translation of the proximal pull wire portion, the
distal pull wire portion remains in position while the distal
suture knot slides along the distal pull wire portion for the
predetermined length of the pull wire slack.
[0021] According to some embodiments, the method
can include translating the proximal pull wire portion prox-
imally for a distance longer than the predetermined
length, thereby deploying the implantable medical de-
vice.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and further aspects of this invention
are further discussed with reference to the following de-
scription in conjunction with the accompanying drawings,
in which like numerals indicate like structural elements
and features in various figures. The drawings are not
necessarily to scale, emphasis instead being placed up-
on illustrating principles of the invention. The figures de-
pict one or more implementations of the inventive devic-
es, by way of example only, not by way of limitation.

FIG. 1 an illustration of a delivery system and implant,
according to aspects of the present invention.
FIG. 2 is an illustration of another delivery system
and implant, according to aspects of the present in-
vention.
FIG. 3 is an illustration of a suture linkage, according
to aspects of the present invention.
FIGS. 4A-4C are time-sequenced illustrations of
forming a clove hitch knot, according to aspects of
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the present invention.
FIGS. 5A-5B are illustrations of alternate pull wire
linkages, according to aspects of the present inven-
tion.
FIG. 6 is an illustration of a delivery system navigat-
ing a body lumen according to aspects of the present
invention.
FIGS. 7A-7D are illustrations of a proximal pull wire
and a distal pull wire joined by a suture linkage such
as illustrated in FIGS. 1-3 when the delivery system
is navigated through turns in a body lumen such as
illustrated in FIG. 6 according to aspects of the
present invention.
FIG. 8 is an illustration of embolic coils being posi-
tioned within an aneurysm according to aspects of
the present invention.
FIGS. 9A-9E illustrate a sequence of steps for re-
leasing an embolic implant from the delivery mem-
ber, according to aspects of the present invention.
FIG. 10 is a flowchart of an example method of using
the delivery member, according to aspects of the
present invention.

DETAILED DESCRIPTION

[0023] The following description of certain examples
of the invention should not be used to limit the scope of
the present invention. The drawings, which are not nec-
essarily to scale, depict selected embodiments and are
not intended to limit the scope of the invention. The de-
tailed description illustrates by way of example, not by
way of limitation, the principles of the invention. Other
examples, features, aspects, embodiments, and advan-
tages of the invention will become apparent to those
skilled in the pertinent art from the following description,
which is by way of illustration, one of the best modes
contemplated for carrying out the invention. As will be
realized, the invention is capable of other different or
equivalent aspects, all without departing from the inven-
tion. Accordingly, the drawings and descriptions should
be regarded as illustrative in nature and not restrictive.
[0024] Any one or more of the teachings, expressions,
versions, examples, etc. described herein may be com-
bined with any one or more of the other teachings, ex-
pressions, versions, examples, etc. that are described
herein. The following-described teachings, expressions,
versions, examples, etc. should therefore not be viewed
in isolation relative to each other. Various suitable ways
in which the teachings herein may be combined will be
readily apparent to those skilled in the pertinent art in
view of the teachings herein. Such modifications and var-
iations are intended to be included within the scope of
the claims.
[0025] As used herein, the terms "about" or "approxi-
mately" for any numerical values or ranges indicate a
suitable dimensional tolerance that allows the part or col-
lection of components to function for its intended purpose
as described herein. More specifically, "about" or "ap-

proximately" may refer to the range of values 610% of
the recited value, e.g. "about 90%" may refer to the range
of values from 81% to 99%. In addition, as used herein,
the terms "patient," "host," "user," and "subject" refer to
any human or animal subject and are not intended to limit
the systems or methods to human use, although use of
the subject invention in a human patient represents a
preferred embodiment.
[0026] Turning to the figures, as illustrated in FIGS. 1
and 2 an example delivery member 10, 10b, can include
a proximal tube 100, a coiled section 200a, a distal tube
300, a sleeve 500 surrounding the coiled section, and a
loop wire 400a, 400b, extending through the coiled sec-
tion 200a. The delivery member 10a, 10b can have a
lumen 608 therethrough extending through the proximal
tube 100, coiled section 200a, and distal tube 300. That
is, the proximal tube 100 can have a lumen 108 there-
through, the coiled section 200a can have a lumen 208
therethrough, the distal tube 300 can have a lumen 308
therethrough, and the lumens 108, 208, 308 can be con-
tiguous to form the lumen 608 through the delivery mem-
ber 10a, 10b. The proximal tube 100 can have a distal
end 104 connected to a proximal end 202 of the coiled
section 200a and a distal end 204 of the coiled section
200a can be connected to a proximal end 302 of the distal
tube 300.
[0027] The distal tube 300 can include a compressible
portion 306. The compressible portion 306 can be axially
adjustable between an elongated condition and a com-
pressed condition. The compressible portion 306 can be
formed from a spiral-cut portion of the tube 300, formed
by a laser cutting operation. Additionally, or alternatively,
the compressible portion can be formed of a wound wire,
spiral ribbon, or other arrangement allowing axial adjust-
ment according to the present invention. Preferably, com-
pressible portion 306 is in the elongated condition at rest
and automatically or resiliently returns to the elongated
condition from a compressed condition, unless otherwise
constrained.
[0028] When the delivery member 10a, 10b, is assem-
bled, the coiled section 200a and sleeve 500 can be more
flexible than the distal hypotube and the proximal hypo-
tube. One way to measure flexibility is to perform a three-
point bend test wherein a portion of the delivery member
10a, 10b is held fixed at two end points, a force is applied
perpendicularly to the member 10a, 10b centrally be-
tween the points, and flexibility is quantified by the length
of deflection of the delivery member 10a, 10b caused by
the force. When measured in this way, in some examples,
the coiled section 200a and sleeve can be about 1.5 times
more flexible than the distal hypotube and about 20 times
more flexible than the proximal hypotube 100. That is,
when the three-point test is performed identically on the
three sections 100, 200a, and 300, the coiled section
deflect over a length that is about 1.5 times the deflection
of the distal hypotube and about 20 times the length of
deflection of the proximal hypotube. Flexibility can be
measured in other ways as would be appreciated and
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understood by a person having pertinent skill in the req-
uisite art. When the delivery member 10a, 10b is assem-
bled, the coiled section 200a and sleeve 500 can be more
flexible than the distal hypotube and the proximal hypo-
tube as flexibility is determined by other means as would
be known to a person of ordinary skill in the art.
[0029] The coiled section can be formed primarily of a
non-radiopaque material such as steel and can include
a radiopaque section 216 made of a radiopaque material
such as platinum and/or tungsten. The radiopaque sec-
tion 216 can be positioned between a proximal, non-ra-
diopaque section of the coil 212, and a distal, non-radi-
opaque section of the coil 214. The radiopaque section
216 can be positioned a predetermined distance from a
distal end 304 of the delivery member 10a, 10b so that
a physician can readily visualize the placement of the
distal portion of the delivery member during a treatment
procedure. The proximal section 212, radiopaque section
216, and distal section 214 can be concentrically welded.
[0030] Delivery members 10a, 10b manufactured ac-
cording to the illustrations in FIG. 1 and FIG. 2 are dem-
onstrated to have a flexibility of about 25% to about 40%
greater than competing delivery systems.
[0031] Comparing the delivery member 10a illustrated
in FIG. 1 to the delivery member 10b illustrated in FIG.
2, in FIG. 1, the loop wire 400a is illustrated as having a
first end attachment 406a to the proximal tube 100 and
a second end attachment 408a to the distal tube 300
while, in FIG. 2, the loop wire 400b is illustrated as having
a first and second end attachment 406b, 408b both to
the proximal tube 100. Although several factors can con-
tribute to the flexibility of the delivery member, all else
being equal, the delivery member 10a illustrated in FIG.
1 can be more flexible compared to the delivery member
10b illustrated in FIG. 2 because the delivery member
10a illustrated in FIG. 1 has a single leg of loop wire 400a
passing through the coiled section 200a and therefore
less material passing through the coiled section 200a
compared to the delivery member 10b of FIG. 2, which
has two legs of the loop wire 400b passing through the
coiled section 200a. Alternative configurations are also
contemplated, for instance the loop wire need not have
two separable ends, e.g., the legs of the loop wire can
be fused, twisted, or otherwise formed as a single unit.
[0032] With respect to FIGS. 1 and 2, both delivery
member 10a, 10b can include a proximal pull wire 140a
and a distal pull wire 140b. The proximal pull wire 140a
and distal pull wire 140b can be connected with a suture
linkage 224, where the proximal pull wire 140a and distal
pull wire 140b are otherwise separate and not connected.
The suture linkage 224 can include a proximal suture
knot 222a that is attached to the proximal pull wire 140a
and a distal suture knot 222b that is attached to the distal
pull wire 140b (collectively, suture knots 222). On a distal
end of proximal pull wire 140a can be disposed a pull
wire bead 220a. Similarly, on a proximal end of distal pull
wire 140b can be disposed a pull wire bead 220b (col-
lectively pull wire beads 220). The pull wire beads 220

can have a diameter larger than a diameter of the suture
knots 222. Accordingly, pull wire beads 220 can be ef-
fective to retain suture knots on the pull wires 140a, 140b.
As the delivery member 10a, 10b is delivered to a treat-
ment site through tortuous vasculature of a patient, pull
wire 140a can drift proximally in relation to tubular body
90 of delivery member 10a, 10b. Pull wire slack 226 is a
distance between distal suture knot 222b and the distal
pull wire bead 220b. As the delivery member 10a, 10b is
pushed distally towards the treatment site, the pull wire
slack 226 is effective to prevent premature deployment
of implant 12 from delivery member 10a, 10b by prevent-
ing proximal drift of proximal pull wire 140a from affecting
distal pull wire 140b until proximal pull wire 140a has
been translated proximally by a distance L, which can be
an overall length of pull wire slack 226. According to some
embodiments, and as discussed in more detail with re-
spect to FIGS. 5A-5B, suture linkage 224 can be provided
in a variety of configurations. For example, rather than
attaching suture linkage to pull wires 140a, 140b with
respective knots, suture linkage 224 can be a loop that
is looped around pull wires 140a, 140b. In another em-
bodiment, pull wires 140a, 140b can be looped around
each other directly without a suture linkage. Pull wires
140a, 140b can be constructed out of any suitable ma-
terial, for example stainless steel or memory shape ma-
terial, such as nitinol. According to some embodiments,
pull wires 140a, 140b can be coated with polytetrafluor-
oethylene (PTFE).
[0033] FIG. 3 shows an exemplary suture linkage con-
necting pull wires 140a, 140b, according to aspects of
the present invention. As shown, suture linkage 224 can
have an overall length L2 measured from distal suture
knot 222b and proximal suture knot 222a. Pull wire slack
226 can have an overall length L1 that can be measured
from distal suture knot 222b and distal pull wire bead
220b.
[0034] FIGS. 4A-4C shows a time sequence of an ex-
emplary method of forming suture knots 222. According
to some embodiments, suture knots can be provided as
clove hitch knots. Clove hitch knots is a type of knot that
is particularly useful when the position of the knot needs
to be adjustable, because a clove hitch knot will loosen
when slack is fed towards the knot from either direction.
Accordingly a clove hitch knot can be movable along an
object the clove knot is tied around. In FIG. 4A the first
step of tying a clove hitch knot is shown. First, a free end
of a rope is passed around a post the knot is to be at-
tached to. In FIG. 4B, the second step is shown of cross-
ing over the tied end of the rope and crossing over the
post. FIG. 4C shows the working end of the rope being
slipped under the wrap made in the second step, shown
in FIG. 4B, thereby completing the clove hitch knot.
[0035] FIGS. 5A-5B are illustrations of alternate pull
wire linkages, according to aspects of the present inven-
tion. FIG. 5A shows an alternative suture linkage. Rather
than being characterized by pull wire beads 220, in this
embodiment both distal end of pull wire 140a and prox-
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imal end of pull wire 140b have a "J" shaped hooked end
around which a suture linkage loop 224 of length L2 can
be secured. In this configuration, pull wire slack 226 is
formed of pull wire slack 226a, which is a distance be-
tween the most proximal end of suture linkage 224 and
the most distal end of the "J" hook of pull wire 140a, and
pull wire slack 226b, which is a distance between the
most distal end of suture linkage 224 and the most prox-
imal end of the "J" hook of pull wire 140b. Accordingly,
in this configuration, the pull wire slack 226 is a sum of
the lengths of pull wire slack 226a and pull wire slack
226b.
[0036] FIG. 5B shows an alternative configuration of
pull wires 140a, 140b. In this configuration, both the distal
end of pull wire 140a and the proximal end of pull wire
140b have a "J" shaped hooked end which are wrapped
around each other. That is, the distal end of pull wire
140a and the proximal end of distal pull wire 140b can
directly interface with each other. In this configuration,
the pull wire slack 226 can have a length L1 that is meas-
ured between the most distal point of pull wire 140a to
the most proximal point of wire 140b. The pull wire slack
can be understood as the length L1 that the proximal pull
wire 140a must be pulled before the distal pull wire 140b
begins to translate proximally with the proximal pull wire
140a as a single unit.
[0037] FIG. 6 illustrates positioning of an implant 12
such as an embolic coil suitable for aneurysm treatment,
a guide catheter 700, and a delivery system 10 including
a tubular body 90 and a pull wire 140 within tortuous
vasculature (vasculature not illustrated). At bends A, B,
and C, the body 90 can extend to a sidewall of the guide
catheter 700 on each outer curve of each bend, and like-
wise, the pull wire 140 can extend to a sidewall of the
body 90 on each outer curve of each bend. During a
procedure, the tubular body 90 and pull wire 140 can be
fed into the guide catheter 700 in the distal direction D,
first passing through bend A, then bend B, and then bend
C. As the body 90 and pull wire 140 navigate the bends,
the distal suture knot 222b may slide proximally along
distal pull wire 140b by a distance less than pull wire
slack 226 length L1. The pull wire slack can prevent the
proximal translation in a proximal direction P of distal pull
wire 140b with respect to the tubular body 90 of the de-
livery member 10a, 10b, which prevents the premature
detachment of implant 12 from the delivery member 10a,
10b.
[0038] FIGS. 7A through 7D illustrate the progressive
movement of the suture linkage 224 as the delivery sys-
tem 10a, 10b moves distally through bends A, B, and C
of FIG. 6. FIG. 7A illustrates the positioning of the suture
linkage 224 as the distal end 94 of the tubular body ap-
proaches bend A. FIG. 7B illustrates the proximal move-
ment of proximal pull wire portion 140a, which increases
the gap between proximal pull wire 140a and distal pull
wire 140b as the distal end 94 of the tubular body of
delivery member 10a, 10b rounds bend A and approach-
es bend B. FIG. 7C illustrates the proximal pull wire 140a

moving further proximally with respect to the tubular body
90 of delivery member 10a, 10b, which increases the gap
between proximal pull wire 140a and distal pull 140b,
caused by the gradual proximal slide of distal suture knot
222b towards distal pull wire bead 220b as distal end 94
of the tubular body 90 of delivery member 10a, 10b
rounds bend B and approaches bend C. FIG. 7D illus-
trates the moment before distal suture knot 222b engag-
es to distal pull wire bead 220b as the distal end 94 of
the tubular body 90 of delivery member 10a, 10b rounds
bend C and approaches a treatment site.
[0039] Referring collectively to the illustrations in FIGS.
6 and 7A through 7D, as the delivery member 10a, 10b
is moved, as the delivery member 10a, 10b is moved
distally to a treatment site, the distal suture knot 222b
can be free to move in the proximal and distal direction
in relation to the tubular body 90. As illustrated, distal
suture knot 222b can approach the distal pull wire bead
220b as the delivery member 10a, 10b is moved distally
to a treatment site. Arrows illustrated in FIGS. 7A through
7D indicate the proximal movement of the proximal pull
wire 140a.
[0040] A gap L0, LA, LB, LC between proximal pull wire
140a and distal pull wire 140b can become progressively
larger as illustrated in FIGS. 7A through 7D as the deliv-
ery system 10a, 10b is moved distally. In FIG. 7B, prox-
imal suture knot 222a abuts proximal pull wire bead 220a,
after which point further proximal translation of the prox-
imal pull wire 140a causes distal suture knot 222b to slide
along distal pull wire, gradually reducing the distance be-
tween distal suture knot 222b and distal pull wire bead
220b.
[0041] As shown in FIGS. 7A-7D, proximal pull wire
bead 220a may have a diameter D1 and distal pull wire
bead 220b may have a diameter D2. According to some
embodiments, diameter D1 and diameter D2 may collec-
tively be larger than a diameter of lumen 608 extending
through delivery system 10a, 10b. Accordingly, distal pull
wire bead 220b can be prevented from sliding past prox-
imal pull wire bead 220a as the delivery system 10a, 10b
is delivered through tortuous vasculature to a treatment
site, as shown in FIG. 6. Similarly, proximal pull wire bead
220a can be prevented from sliding past distal pull wire
bead 220b as the delivery system 10a, 10b is delivered
through tortuous vasculature to a treatment site.
[0042] Referring back to FIGS. 1-2, the delivery mem-
ber 10a, 10b can include pull wire slack 226 that is meas-
urable between the distal suture knot 222b and the distal
pull wire bead 220b. The pull wire slack 226 can be of
length L such that the distal suture knot 222b is unlikely
to engage the distal pull wire bead 220b as the delivery
member 10a, 10b is delivered to a treatment site. A larger
length L of pull wire slack 226 can allow for greater strain
relief at the distal end of the distal pull wire 140b, thereby
reducing the likelihood of premature deployment of a
treatment device. The maximum length of pull wire slack
226 can be limited by ease of manipulation of the proximal
end of the delivery member 10a, 10b. For example, it
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may be difficult for a physician to manipulate a delivery
member having an assembly such as illustrated in FIG.
2 that is several inches long. The length L of pull wire
slack 226 can therefore be sized to sufficiently relieve
strain on the distal end of the distal pull wire 140 to suf-
ficiently reduce the likelihood of premature deployment
of a treatment device and also to facilitate ease of ma-
nipulation of the delivery member during a treatment pro-
cedure. According to some embodiments, the length L
of pull wire slack 226 can be a length between approxi-
mately 2 mm and approximately 3 mm.
[0043] FIG. 8 is an illustration of embolic implant 12
being delivered through catheter 250 and positioned
within an aneurysm A on a blood vessel BV. The implant
can loop and bend with the aneurysm sac to form a throm-
botic mass. The implant can loop back on themselves
and/or loop next to other implants. As the aneurysm A
becomes increasingly packed, overlapping portions of
the implant 12 can press into each other.
[0044] FIGS. 9A-9E illustrate a time sequence of steps
for releasing an embolic implant 12 from a delivery mem-
ber 10. The delivery member 10 can be configured such
as illustrated in the previous figures and as otherwise
described herein. FIG. 9A illustrates an engagement sys-
tem including the loop wire 400 and distal pull wire 140b
locked into a locking portion 18 of the medical device 12.
The compressible portion 306 of the distal tube 300 can
be compressed and the loop wire 400 opening 405 at a
distal end 404 of the loop wire 400 can be placed through
the locking portion 18. When the distal pull wire 140b is
put through the opening 405 the medical device 12 is
now secure. FIG. 9B illustrates the predetermined length
L1 of the pull wire slack 226 that prevents premature
detachment of implant 12 as delivery member 10a, 10b
travels through the vasculature to a treatment site. As
shown, pull wire slack 226 has been completely drawn
tight, and further proximal translation of proximal pull wire
140a will cause proximal translation of distal pull wire
140b, thereby releasing implant 12 at a treatment site.
FIG. 9C illustrates the distal pull wire 140b being drawn
proximally to begin the release sequence for the medical
device 12. FIG. 9D illustrates the instant the distal end
144 of the pull wire exits the opening 405 and the pull
wire 140 is pulled free of the loop wire 400. The distal
end 404 of the loop wire 400 falls away and exits the
locking portion 18. As can be seen, there is now nothing
holding the medical device 12 to the detachment system
10. FIG. 9E illustrates the end of the release sequence.
Here, the compressible portion 306 has extended/re-
turned to its original shape and "sprung" forward. An elas-
tic force E is imparted by the distal end 305 of the distal
tube 300 to the implant 12 to "push" it away to ensure a
clean separation and delivery of the implant 12.
[0045] The compressible portion 306 can have a dif-
ference in length (distance of compression) when meas-
ured in the compressed configuration and the original,
uncompressed configuration of about 0.5 mm to about
0.75 mm. Greater elastic force E can be achieved by

using a greater distance of compression. The distance
of compression can be determined by the sizing of the
loop wire 400, the shape of the locking portion 18, and
the shape of the distal end 304 of the distal tube 300.
[0046] FIG. 10 is a flowchart of an example method of
using the delivery member, according to aspects of the
present invention. In block 1004, the method can include
providing a tubular body 90. Tubular body 90 includes a
lumen 608 extending therethrough and a compressed
distal portion 300. The method continues in block 1008
by affixing a loop wire 400a, 400b to the tubular body 90.
As shown in FIGS 1-2, loop wire ends 406, 408 can be
attached in a variety of configurations. In one configura-
tion, as shown in FIG. 1, loop wire end 406a is attached
to a proximal tube 100 and loop wire end 408a is attached
to a compressed distal portion 300. In another configu-
ration, as shown in FIG. 2, loop wire end 406b and 408b
are both attached to proximal tube 100. In block 1012,
the method can include compressing the compressible
distal portion 300. In block 1016, the loop opening 305
of the loop wire 400 can be positioned proximate the distal
end 306 of the compressible distal portion 300. In block
1020 the method includes extending a distal pull wire
140b through a distal portion of the lumen 608 of the
tubular body 90. In block 1024, the method can include
extending a proximal pull wire 140a through a proximal
portion of the lumen 608 of the tubular body 90.
[0047] In optional block 1028, the method can include
welding a proximal pull wire bead 220a on a distal end
of the proximal pull wire 140a and a distal pull wire bead
220b on a proximal end of the distal pull wire 140b. In
some embodiments, a hooked "J" can be provided on
distal end of proximal pull wire 140a and a proximal end
of distal pull wire 140b in lieu of pull wire beads 220a,
220b.
[0048] In block 1032, the method can include connect-
ing the proximal pull wire 140a and the distal pull wire
140b with a suture linkage 224. The suture linkage can
include a proximal suture knot 222a that can be attached
to a distal end of a proximal pull wire 140a and a distal
suture knot 222b that can be attached to a proximal end
of a distal pull wire 140b.
[0049] In block 1036, the method can include extend-
ing a loop opening 405 through a locking portion 18 of
an implantable medical device 12. In block 1040 the
method can include extending a distal end of the distal
pull wire 140b through the loop opening 405. In block
1044, the method can include preventing proximal trans-
lation of the distal pull wire 140b as the proximal pull wire
is translated proximally with respect to the distal pull wire
140b due to the pull wire slack 226 of the suture linkage
224. In block 1048, the method can include facilitating
proximal translation of the distal pull wire 140b in re-
sponse to the proximal pull wire 140a being translated
by more than a predetermined length of the pull wire slack
226.
[0050] According to some embodiments, the method
can include preventing premature deployment of the im-
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plantable medical device 12 due to the pull wire slack
226 of the suture linkage 224. In some embodiments, the
method can include moving the loop wire 400 and the
distal pull wire 140b to release the implantable medical
device 12 from the delivery system 10a, 10b.
[0051] According to some embodiments, the method
can include, following proximal translation of the proximal
pull wire 140a by more than the predetermined length L1
of the pull wire slack 226, causing the distal suture knot
222b to abut the distal pull wire bead 220b. Once distal
suture knot 222b engages distal pull wire bead 220b, the
distal pull wire 140b and the proximal pull wire 104a can
translate proximally as a unit.
[0052] In some embodiments, constructing the tubular
body 90 can include joining a flexible coil 200a between
a proximal hypotube 100 and a compressed distal portion
300 such that the lumen 608 extends from a proximal
end 102 of the proximal hypotube 100, through the prox-
imal hypotube 100, through the flexible coil 200a, through
the compressed distal portion 300, and to a distal end
304 of the compressed distal portion 300. Flexible coil
can be inhibited from elongating from the construction of
tubular body 90.
[0053] In some embodiments, upon initial proximal
translation of the proximal pull wire 140a, the distal pull
wire 140b remains fixed in position while the distal suture
knot 222b slides along the distal pull wire 140b for the
predetermined length L1 of the pull wire slack 226. In
some embodiments, the method can include translating
the proximal pull wire 140a proximally for a distance long-
er than the predetermined length L1 to thereby deploy
the implantable medical device 12.
[0054] The descriptions contained herein are exam-
ples of embodiments of the invention and are not intend-
ed in any way to limit the scope of the invention. As de-
scribed herein, the invention contemplates many varia-
tions and modifications of the implantation system and
associated methods, including alternative geometries of
system components, alternative materials, additional or
alternative method steps, etc. Modifications apparent to
those skilled in the pertinent art are intended to be within
the scope of the claims which follow.

Claims

1. A delivery system for deploying an implantable med-
ical device to a target location of a body vessel, the
delivery system comprising:

a tubular body comprising a lumen extending
therethrough and a compressed distal portion;
a loop wire comprising a first end affixed to the
tubular body and comprising a loop opening po-
sitioned approximate the compressed distal por-
tion;
a pull wire extending through the lumen, the pull
wire comprising

a proximal pull wire portion;
a distal pull wire portion, separate from the
proximal pull wire portion; and
a suture linkage connecting the proximal
pull wire portion and the distal pull wire por-
tion,
the suture linkage comprising:

a proximal suture knot slideably en-
gaged to the proximal pull wire portion;
and
a distal suture knot slideably engaged
to the distal pull wire portion.

2. The delivery system of claim 1, wherein:

a distal end of the proximal pull wire portion com-
prises a proximal pull wire bead and a proximal
end of the distal pull wire portion comprises a
distal pull wire bead,
the proximal pull wire bead is configured to retain
the proximal suture knot on the proximal pull wire
portion during proximal translation of the proxi-
mal pull wire portion and the distal pull wire bead
is configured to retain the distal suture knot on
the distal pull wire portion during proximal trans-
lation of the distal pull wire portion,
the loop wire and the distal pull wire portion are
positioned to secure the implantable medical de-
vice to the delivery system;
the suture linkage comprises pull wire slack that
facilitates the proximal pull wire portion to be
translated proximally with respect to the distal
pull wire portion while the distal pull wire portion
remains stationary for a predetermined length
causing the distal suture knot to translate prox-
imally to abut the distal pull wire bead such that
when the distal suture knot abuts the distal pull
wire bead both the proximal pull wire portion and
distal pull wire portion translate proximally as a
unit; and
the pull wire slack is effective to inhibit premature
deployment of the implantable medical device.

3. The delivery system of claim 1, wherein the loop wire
and the pull wire are movable to release the implant-
able medical device from the delivery system.

4. The delivery system of claim 2, wherein the prede-
termined length of the pull wire slack comprises a
length between approximately 2 mm and 3 mm.

5. The delivery system of claim 2, wherein the suture
linkage has a predetermined length that fits within
the tubular body of the delivery system.

6. The delivery system of claim 1, wherein the tubular
body further comprises:

13 14 



EP 4 205 670 A1

9

5

10

15

20

25

30

35

40

45

50

55

a proximal hypotube;
a flexible coil extending from a distal end of the
proximal hypotube;
the compressed distal portion extending from a
distal end of the flexible coil; and
wherein the lumen extends from a proximal end
of the proximal hypotube, through the proximal
hypotube, through the flexible coil, through the
compressed distal portion, and to a distal end
of the of the compressed distal portion.

7. The delivery system of claim 6, further comprising a
sleeve that extends along a majority of the of the
flexible coil.

8. The delivery system of claim 2, wherein upon initial
proximal translation of the proximal pull wire portion,
the distal pull wire portion remains fixed in position
while the distal suture knot slides along the distal pull
wire portion for the predetermined length of the pull
wire slack.

9. The delivery system of claim 2, wherein the proximal
pull wire portion is translated proximally for a dis-
tance longer than the predetermined length to deploy
the implantable medical device.

10. The delivery system of claim 1, wherein each suture
knot comprises a clove knot adapted to slide against
the pull wire when the pull wire is translated proxi-
mally.

11. The delivery system of claim 2, wherein the proximal
pull wire bead comprises a first laser weld forming a
diameter larger than a diameter of the proximal su-
ture knot and the distal pull wire bead comprises a
second laser weld forming a diameter larger than a
diameter of the distal suture knot.

12. The delivery system of claim 1, wherein the distal
suture knot and the proximal suture knot each com-
prise a clove hitch knot.

13. A method comprising:

providing a tubular body comprising a lumen ex-
tending therethrough and a compressed distal
portion;
affixing a loop wire to the tubular body;
compressing the compressed distal portion;
positioning a loop opening in the loop wire ap-
proximate a distal end of the compressed distal
portion while the loop wire is affixed to the tubular
body such that the loop wire is extended through
the lumen;
extending a distal pull wire portion through a dis-
tal portion of the lumen of the tubular body;
extending a proximal pull wire portion, separate

from the distal pull wire portion, through a prox-
imal portion of the lumen of the tubular body;
connecting the proximal pull wire portion and the
distal pull wire portion with a suture linkage, the
suture linkage comprising a proximal suture knot
attached to the proximal pull wire portion and a
distal suture knot attached to the distal pull wire
portion, the proximal pull wire portion, suture
linkage, and distal pull wire portion thereby form-
ing a pull wire;
extending the loop opening through a locking
portion of an implantable medical device; and
extending a distal end of the distal pull wire por-
tion through the loop opening.

14. The method of claim 13, further comprising:

preventing proximal translation of the distal pull
wire portion as the proximal pull wire portion is
translated proximally with respect to the distal
pull wire portion due to pull wire slack of the su-
ture linkage;
facilitating proximal translation of the distal pull
wire portion in response to the proximal pull wire
portion being translated proximally by more than
a predetermined length of the pull wire slack, OR
preventing premature deployment of the im-
plantable medical device due to pull wire slack
of the suture linkage, OR
moving the loop wire and the distal pull wire por-
tion to release the implantable medical device
from the tubular body, OR
constructing the tubular body by joining a flexible
coil between a proximal hypotube and a distal
hypotube comprising the compressed distal por-
tion such that the lumen extends from a proximal
end of the proximal hypotube, through the prox-
imal hypotube, through the flexible coil, through
the compressed distal portion, and to a distal
end of the of the compressed distal portion and
such that the flexible coil is inhibited from elon-
gating..

15. The method of claim 14:

(i) further comprising welding a proximal pull
wire bead on a distal end of the proximal pull
wire portion and a distal pull wire bead on a prox-
imal end of the distal pull wire portion; and
following proximal translation of the proximal
pull wire portion by more than the predetermined
length of the pull wire slack, causing the distal
suture knot to abut the distal pull wire bead there-
by causing the distal pull wire portion and the
proximal pull wire portion to translate proximally
as a unit, OR
(ii) wherein upon initial proximal translation of
the proximal pull wire portion, the distal pull wire
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portion remains fixed in position while the distal
suture knot slides along the distal pull wire por-
tion for the predetermined length of the pull wire
slack, OR
(iii) further comprising translating the proximal
pull wire portion proximally for a distance longer
than the predetermined length, thereby deploy-
ing the implantable medical device.

Amended claims in accordance with Rule 137(2)
EPC.

1. A delivery system (10) for deploying an implantable
medical device (12) to a target
location of a body vessel, the delivery system com-
prising:

a tubular body (90) comprising a lumen (608)
extending therethrough and a compressed dis-
tal portion (300);
a loop wire (400a, b) comprising a first end
(406a) affixed to the tubular body and compris-
ing a loop opening positioned approximate the
compressed distal portion;
a pull wire extending through the lumen, the pull
wire comprising
a proximal pull wire portion (140a);
characterized by:

the pull wire further comprising a distal pull
wire portion (140b), separate from the prox-
imal pull wire portion; and
a suture linkage (224) connecting the prox-
imal pull wire portion and the distal pull wire
portion,
the suture linkage comprising:

a proximal suture knot (222a) slideably
engaged to the proximal pull wire por-
tion; and
a distal suture knot (222b) slideably en-
gaged to the distal pull wire portion.

2. The delivery system of claim 1, wherein:

a distal end of the proximal pull wire portion com-
prises a proximal pull wire bead (220a) and a
proximal end of the distal pull wire portion com-
prises a distal pull wire bead (220b),
the proximal pull wire bead is configured to retain
the proximal suture knot on the proximal pull wire
portion during proximal translation of the proxi-
mal pull wire portion and the distal pull wire bead
is configured to retain the distal suture knot on
the distal pull wire portion during proximal trans-
lation of the distal pull wire portion,
the loop wire and the distal pull wire portion are

positioned to secure the implantable medical de-
vice to the delivery system;
the suture linkage comprises pull wire slack that
facilitates the proximal pull wire portion to be
translated proximally with respect to the distal
pull wire portion while the distal pull wire portion
remains stationary for a predetermined length
causing the distal suture knot to translate prox-
imally to abut the distal pull wire bead such that
when the distal suture knot abuts the distal pull
wire bead both the proximal pull wire portion and
distal pull swire portion translate proximally as
a unit; and
the pull wire slack is effective to inhibit premature
deployment of the implantable medical device.

3. The delivery system of claim 1, wherein the loop wire
and the pull wire are movable to release the implant-
able medical device from the delivery system.

4. The delivery system of claim 2, wherein the prede-
termined length of the pull wire slack comprises a
length between approximately 2 mm and 3 mm.

5. The delivery system of claim 2, wherein the suture
linkage has a predetermined length that fits within
the tubular body of the delivery system.

6. The delivery system of claim 1, wherein the tubular
body further comprises:

a proximal hypotube (100);
a flexible coil (200a) extending from a distal end
of the proximal hypotube;
the compressed distal portion (300) extending
from a distal end of the flexible coil; and
wherein the lumen extends from a proximal end
of the proximal hypotube, through the proximal
hypotube, through the flexible coil, through the
compressed distal portion, and to a distal end
of the of the compressed distal portion.

7. The delivery system of claim 6, further comprising a
sleeve (500) that extends along a majority of the of
the flexible coil.

8. The delivery system of claim 2, wherein upon initial
proximal translation of the proximal pull wire portion,
the distal pull wire portion remains fixed in position
while the distal suture knot slides along the distal pull
wire portion for the predetermined length of the pull
wire slack.

9. The delivery system of claim 2, wherein the proximal
pull wire portion is configured to be translated prox-
imally for a distance longer than the predetermined
length to deploy the implantable medical device.
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10. The delivery system of claim 1, wherein each suture
knot comprises a clove knot adapted to slide against
the pull wire when the pull wire is translated proxi-
mally.

11. The delivery system of claim 2, wherein the proximal
pull wire bead comprises a first laser weld forming a
diameter larger than a diameter of the proximal su-
ture knot and the distal pull wire bead comprises a
second laser weld forming a diameter larger than a
diameter of the distal suture knot.

12. The delivery system of claim 1, wherein the distal
suture knot and the proximal suture knot each com-
prise a clove hitch knot.

19 20 



EP 4 205 670 A1

12



EP 4 205 670 A1

13



EP 4 205 670 A1

14



EP 4 205 670 A1

15



EP 4 205 670 A1

16



EP 4 205 670 A1

17



EP 4 205 670 A1

18



EP 4 205 670 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 4 205 670 A1

20

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

